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INTRODUCTION 
The methods which are used in the preservation of 
foods are many. They entail the use of both chemical and 
physical agents. Sugar, as a preservative, has been and is 
still widely employed in the food industry. Although it is 
a chemical substance, its static and lethal effect on micro¬ 
organisms i8 based on the physical phenomenon known as 
osmotic pressure. 
The disaccharide, sucrose, in a saturated solution 
at 30° C. (86° F.) is 68.1 per cent soluble and produces a 
high osmotic pressure. It is used extensively in food pro¬ 
ducts as a preservative, sweetening agent, and as a means 
to increase the body or viscosity of a food substance. Up 
to 1930 and under the Food and Drugs Act of 1906, sucrose 
was the only sugar which was exempt from label declaration 
on canned food products. 
The history of the commercial production of dextrose 
though brief, is one of interest. In 1922, Newkirk took 
out patents for a hydrolysis method in the conversion of 
corn starch into dextrose of high purity. Commercial pro¬ 
duction began in 1922, but not until 1926 did the U. S. 
Pharmacopoeia, in its tenth revision, accept dextrose. The 
law, however, required that the addition of this monosacchar 
ide to food products be stated on the label. Consequently, 
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the use of it on a wide scale was still limited. In 1930, 
the Secretary of Agriculture deleted from the Food and Drugs 
law the statement that dextrose, when added to a food pro¬ 
duct, must he declared on the label. As a result of this, 
dextrose, in a period of nine years, has been accepted as 
an important constituent not only in food products, but 
also in non-food materials such as adhesives, plastics, 
dyes, explosives, etc. Its importance is well exemplified 
by the fact that 250,000,000 pounds were used in 1939. 
Dextrose is less soluble in water than is sucrose. 
For example, 54.6 per cent of the former 1b soluble in a 
saturated solution at 30° 0. (86° F.). However, dextrose 
exerts an osmotic pressure of 1.75 times that of sucrose 
of the same concentration. Also, the cost of dextrose is 
generally less than sucrose. Today, the substitution of 
dextrose, in part or in whole, for sucrose as a preservative 
in food products is considered by many food manufactures as 
feasible and in many cases desirable. 
Purpose 
Very little work has been reported as to the inhib- 
itive powers of dextrose on microorganisms and its compari¬ 
son with the preservative action of other sugars. This 
work was initiated to study the fungistatic and fungicidal 
effects of dextrose, sucrose and mixtures of the two sugars 
on Saooharomyces cereviseae and Aspergillus niger. A study 
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was also made to determine whether or not the addition of 
sodium benzoate would enhance the inhibitive effects of the 
sugars. 
REVIEW OF LITERATURE 
Sugars are carbohydrate foodstuffs which are employed 
extensively in the home and in industry. One of the appli¬ 
cations to which this product has been put to use in domes¬ 
tic and commercial practices is as a preservative. 
Jackson and Silsbee (1924) found that a saturated 
solution of pure sucrose, which at 20° C. (680 F.) contained 
67.1 per cent of the sugar, was a favorable medium for the 
growth of microorganisms. Urbain and Miller (1930) carried 
out experiments, the results of which indicated that dex¬ 
trose treated yolk batters resisted fermentation and bac¬ 
terial decomposition to a greater extent than do those 
batters to which sucrose had been added. This difference 
in the preservative effect, as exhibited by the two sugars, 
was thought to be due to the greater osmotic pressure 
developed by the monosaccharide. Buchanan (1923) reported 
that at higher temperatures, yeast spores were killed more 
easily in a sucrose solution than in a dextrose solution 
of the same concentration. However, he also found that at 
lower temperatures, dextrose solutions exerted a greater 
inhibitive effect on the yeast spores than did sucrose 
solutions of the same concentrations. Ramsey, Tracy and 
Ruehe (1933) reported that in concentrated solutions, 
dextrose was only slightly more effective than sucrose as a 
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preservative agent. They found that at low concentrations 
sucrose may exert a greater inhibitive effect than does 
dextrose. At high concentrations, they found that dextrose 
and sucrose may exert approximately the same preservative 
power. They claimed that their results indicated that the 
fungistatic effect of the two sugars can not be explained 
only on a basis of osmotio pressure, but that the relative 
affinity of each sugar molecule for the water molecule is 
a faotor which must be considered. It is their belief 
that the availability of these sugars for the growth of 
the microorganisms is a primary point involved in the 
explanation of the static action produced. Baumgartner and 
Wallace (1934) found that up to a concentration of 50 to 
55 per cent, sucrose had no inhibitive action on either 
the vegetative growth or spore germination of the organ¬ 
isms encountered in underprooessed fruit. Hunziker (1935) 
concluded in his work that dextrose in the concentrations 
used in the manufacture of sweetened condensed milk was 
1.25 to 1.33 times as effective as sucrose in the preser¬ 
vation of this milk product. Andreicha (1937) reported 
that the highest sucrose concentration used in commercial 
jams and jellies would not suppress the development of 
common molds. Fellers, Miller and Onsdorff (1937) reported 
that the osmotio pressure exerted by dextrose is approx¬ 
imately twice that exhibited by sucrose of equal concen- 
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trations. For this reason, they state that dextrose sirups 
are considered to be more effective in the inhibition of 
microorganisms than are sucrose sirups. 
To increase the static efficacy of sugar solutions 
some workers have employed chemical and physical agents in 
combination with the sugar. Lochhead and Farrell (1936) 
found that in an 80 per cent honey solution which contained 
64 per cent sugar, the addition of 0.5 per cent sodium 
benzoate was the lowest effective concentration for the 
destruction of the osmophilic yeast, Zygosaccharomvces 
nussbaumeri. within 26 weeks. Andreicha (1937) reported 
that neither the highest sugar concentrations used in com¬ 
mercial jams and jellies nor a carbon dioxide atmosphere 
approaching 100 per cent could inhibit mold growth. He 
found, however, that the combined action of both sugar and 
carbon dioxide gave good results. In an atmosphere of 10 
per cent carbon dioxide, Aspergillus repens. Peniolllium 
arenarlum and Penicllllum glauoum failed to develop on 60 
per cent glucose medium. He found it necessary to increase 
the carbon dioxide concentration when lower sugar concen¬ 
trations were used. 
The effect of heat on sugar solutions and micro¬ 
organisms in these solutions were studied by several workers. 
Hahn (1928) reported that sugar retarded the growth of 
microorganisms but also Inhibited the action of heat on 
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organisms. He attributed the latter observation to the fact 
that with an increase in sugar concentration, the moisture 
content available for the microbial activities is decreased. 
It is known that microorganisms are most susceptible to heat 
under moist conditions. Lewis (1930) found that the 
organism Phytomonas malvaceara failed to grow in culture 
media which contained glucose which had been sterilized at 
122° C. (252.5° F.) fifteen minutes. He attributed these 
results not to a lack of ability of the organisms to assim¬ 
ilate the sugar, but to ohemical changes which took place 
when the media was sterilized at high temperatures. How¬ 
ever, Buchanan (1932) reported that com sugar would not 
change in chemical structure under conditions required for 
the sterilization of beverages. Fulmer, Williams and Werk- 
man (1931) noted the growth stimulation of yeast and certain 
bacterial species in a five per cent gluoose medium which 
had been sterilized at 15 pounds steam pressure , 121° C. 
(250° F.) for 15 minutes. Baumgartner (1938) concluded that 
the method which was employed in the sterilization of re¬ 
ducing sugars greatly influenced the results obtained upon 
inoculation of the media with microorganisms. His observa¬ 
tions indicated that for such reducing sugars, it was neces¬ 
sary to sterilize them by filteration, since heat treatment 
in buffered solutions or nutrient broth resulted in the 
formation of material which reduced bacterial heat resistance. 
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EXPERIMEITAL 
The plan of this investigation is formulated so as 
to study the effect of dextrose and sucrose on yeasts and 
molds which are ordinarily associated with the spoilage of 
food products of high sugar concentration. The investiga¬ 
tions include: (1) A comparison of dextrose and sucrose 
solutions of different concentrations and mixtures of the 
two sugar solutions in their repressive action on the growth 
of the fungi studied; (2) A study of the inhibitive powers 
of these sugars in apple, grapefruit and pineapple juioes 
on the growth of these organisms; (3) A study of the added 
preservative effect of sodium benzoate in the presence of 
the sugars on the growth of the fungi. 
Index Organisms 
The orgsisms used as indices of the restrictive 
powers of the sugars studied were 8acoharomyces cereviseae 
and AspergjHub nlger. These microorganisms represent two 
genera in the class of Asoomycetes which are classified 
under the division of fungi. Although the different species 
of yeasts and molds may vary extensively, one from the other, 
in many of their activities, the results obtained with 
S. cereviseae and Asp, niger should indicate the general 
trend of inhibition of other closely related organisms by 
the sugars. 
9— 
The yeast, S. cerevlseae. is a common organism found 
in the baking and brewing industries. Its importance in 
industry has made it to be considered the type species of 
genus Saccharomyces. It forms oval to round cells of two 
to seven microns in diameter. It is a typical yeast in 
that it reproduces not only by the formation of buds, but 
also by the production of endospores. 
The mold, Aspergillus niger. is probably the most 
common specie of the genus Aspergillus. It is found, 
quite often, associated with the spoilage of food products 
which have an acid reaction and are high in sugar content. 
This mold is characterized by the chains of conidia which 
are arranged in clusters and borne on short stems known as 
sterigamata. 
Methods 
Sterilization 
To ensure pure culture studies, all glassware, which 
was used in the experimental work, was sterilized. The 
petrl dishes and pipettes were sterilized in a hot air oven 
at 204.4° 0. (400° F.) for two hours. All other glassware, 
which Included Erlenmeyer flasks of 250 cc. capacity and 
dilution bottles of 230 cc. capacity for the mold and yeast 
growth determinations, respectively, was sterilized in the 
autoclave at a temperature of 121° 0. (250° F.) for 30 minutes. 
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Acidity and pH Determinations 
All hydrogen-ion concentrations were determined by 
an electrometric method. The Beckman pH meter, which con¬ 
sists essentially of a glass electrode balanced against a 
standard cell, was used. 
Total acidities in the sugar solutions and fruit 
juices were determined by titration against N/10 sodium 
hydroxide. Because oxalic acid is one of the most common 
acids produced by Asp, niger. it was chosen for the cal¬ 
culations of the acidities produced by both mold and yeast. 
In the determination of acidity production by the yeast, 
oxalic acid was chosen for calculations so as to maintain 
uniform and comparable results. 
By means of a sterile pipette, approximately five 
co. of material to be tested were removed from the flask or 
bottle and collected in a clean, tared beaker and reweighed. 
The sample was then diluted with approximately 20 cc. of 
distilled water, boiled to drive off the dissolved carbon 
dioxide, and titrated against the sodium hydroxide, with 
phenolphthalein as the indicator. The titrations were con¬ 
sidered complete when a light pink color developed and 
remained for at least 30 seconds. Duplicate determinations 
were made for each sample to be tested. 
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Preparation of the Sugar Media 
The sugars which were used in the experimental work 
were granulated sucrose, hydrated dextrose and anhydrous 
dextrose. The sugars were of commercial quality. The 
hydrated dextrose is a monosaccharide which has one mole¬ 
cule of water of hydration. The anhydrous form is the same 
as the hydrated sugar with the exception that the water of 
hydration has been removed by a special drying process. 
The sucrose solutions were prepared by the dissol- 
ution of a weighed quantity of the sugar in distilled water. 
Enough sugar was dissolved to give the highest desired con¬ 
centration of sucrose solution which was to be used in the 
experiment. Sterilization of the sugar solutions by heat 
requires a treatment which would result in a breakdown of 
the molecular structures of both dextrose and sucrose. Con¬ 
sequently, these sugar solutions were sterilized without 
, • 
heat by filtration through a Seitz filter into a sterile 
suction flask. After filtration, the highly concentrated 
sucrose solution was transferred under aseptic conditions 
to a sterile one liter Erlenmeyer flask. From this flask, 
the sugar solution was distributed by means of sterile 
graduated pipettes and under aseptic conditions into the 
sterile 250 cc. Erlenmeyer flasks and the dilution bottles. 
The flasks and the bottles each contained a certain amount 
of distilled water which had been sterilized in these con- 
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tainers, so as to yield, upon the addition of the sugar 
solution, a known sucrose content of lowered concentration. 
The amount of distilled water and concentrated sugar sol¬ 
ution was such that each flask and bottle contained 50 cc. 
of final sugar solution. A refractometer was used at all 
times to check the per cent concentration of each sugar 
solution. 
The anhydrous dextrose solutions and the hydrated 
dextrose solutions were prepared in a similar manner with 
the exception that in the use of the latter sugar, the 
water of hydration, which amounted to nine per cent, had 
to be considered in the calculations. 
In the preparation of mixtures of the two sugar 
solutions for an experiment, 50 per cent solutions of dex¬ 
trose and sucrose were prepared in separate flasks. Each 
solution was sterilised by filtration through the Seitz 
filter. Twenty-five cc. of each sterile sugar solution 
were transferred by means of sterile graduated pipettes to 
the same sterile 250 cc. Erlenmeyer flasks and dilution 
bottles. This gave a 50 per cent concentration of a 1:1 
mixture of sucrose and dextrose. 
To prepare a 40 per cent solution of dextrose and 
sucrose of equal mixtures, 20 cc. of a sterile 50 per cent 
sucrose solution and 20 cc. of a 50 per cent dextrose sol¬ 
ution were pipetted aseptically into 250 cc. Erlenmeyer 
flasks and dilution bottles each of which contained 10 cc. 
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of distilled water that had been sterilized with the con¬ 
tainers. This gave the desired 50 cc. of a 40 per oent 
mixture of the disaccharide and monosaccharide solutions. 
The same procedure was followed in the preparation 
of a 30 per cent solution of dextrose and sucrose of equal 
mixture with the exception that 15 cc. of each 50 per cent 
sugar solution were transferred to a container that held 
20 cc. of distilled water. The concentration of the solu¬ 
tion in each flask and bottle was checked by the use of 
the refractometer. 
All experiments were made in duplicate and averages 
were taken of the results. 
Inoculum 
The fungi used in the experimental work, Saccharomy- 
ces oerevlseae and Aspergillus nlger. were both obtained 
from departmental stock cultures and carried on wort agar 
slants. The yeast slants, after good growth was visible, 
were stored at 4.4° C. (40° r.) as stook cultures. The 
mold cultures were allowed to sporulate at room temperatures. 
The spores were used for the inoculation of the media 
studied. Before the yeast cells were inoculated into the 
sugar solutions and fruit juices, the culture was removed 
from the refrigerator and transfers were made every 48 
hours for six days on wort agar slants held at room temper- 
atures. Inoculations of the yeast and mold were made with 
suspensions of the organisms in sterile distilled water. 
The suspensions were prepared by the removal of some of 
the growth from a slant with a needle and transferred to 
10 oc. water blanks. An even distribution of the organisms 
was secured by a vigorous agitation of the tubes; care was 
taken to keep the ootton plugs dry. A microscopic count 
was made by the use of a haemocytometer. The number of 
yeast cells and mold spores per cubic centimeter was ascer¬ 
tained, and a known number of cells and spores were inocu¬ 
lated into the contents of the individual flasks and 
bottles by means of sterile graduated pipettes. 
Mold Growth Determinations 
In this investigation, the extent of mold growth 
was determined by the weight of the dried mold mat. After 
incubation, the mold was transferred from the sugar sirup 
medium to qualitative filter paper and washed thoroughly 
with hot distilled water. The mat was transferred to a 
tared evaporating dish and placed in the electric oven to 
dry at 85° 0. (185° F.). After the mat was dehydrated in 
the oven, the dish was removed, placed in a desiccator to 
cool to room temperature, and reweighed. The growth of 
the mold was expressed in terms of milligrams of dried 
matter. 
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Yeast Growth Determinations 
The number of yeast cells in the sugar solutions 
and apple juice was determined by a direct microscopic 
count by means of a haemocytometer. Because of the pre¬ 
sence of cellular debris from the grapefruit and pineapple, 
it was more difficult to identify the yeast cells present 
in the sirups prepared from these fruits. Consequently, 
the number of yeast cells present in these sirups was 
determined by plate counts on wort agar. All plating was 
done in duplicate. The plates were incubated at room 
temperature for three days and counts were made from those 
petri dishes which had 30 to 300 colonies. 
Experimental Results 
Inhibiting Effect of Dextrose and Sucrose 
Preliminary experiments were conducted to determine 
the effect of dextrose and sucrose sugars on the growth of 
Saccharomvoes cereviseae and Aspergillus niger. A known 
number of yeast cells (400,000 cells per cc.) and mold 
spores (350,000 spores per cc.) were inoculated into series 
of sugar solutions containing dextrose, sucrose and equal 
mixtures of the two. Each series consisted of 30, 40 and 
50 per cent sugar solutions. Direct microscopic counts 
were made periodically during the 10-day incubation period. 
The sugar solutions inoculated with mold spores were incu- 
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bated for six days in the dark at 30° 0. (86° F.). At the 
end of the incubation period the mold mate were removed, 
washed, dried and weighed to determine the extent of growth. 
The results of this experiment are shown in figures 
1i 3 and 3 and Table 1 for the yeasts and Table 2 gives the 
mold results. Table 1 indicates that after 10 days of 
growth, the yeasts were inhibited to the greatest extent 
by a 50 per cent concentration of a mixture of dextrose and 
sucrose solution and by a 50 per cent dextrose solution. 
There was no pronounced inhibition of yeast growth in the 
other sugar concentrations. It was found that the use of 
a 50 per cent concentration of & mixture of sucrose and 
dextrose resulted in a greater repression of growth than 
did the use of a 50 per cent dextrose solution. It was 
found that the results obtained with the other concentra¬ 
tions of sugar mixtures fell in between those results 
obtained with the dextrose solution and sucrose solution. 
There was no accountable explanation for the results obtained 
with the 50 per cent mixture of sugars. 
Figure 1 shows that there was apparently very 
little difference in the inhibitive powers of a 30 and 40 
per cent sucrose solution. There was no indicated lag 
phase and the count increased rapidly in 48 hours. It con¬ 
tinued to rise, although at a much slower rate, until the 
tenth day of incubation, at which time the experiment was 
terminated. The growth in the 50 per cent solution, during 
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the first 24 hours represented a typical lag phase. After 
the first day and until the sixth, the number of cells 
increased slowly. From then on, there was a marked increase 
in numbers which indicated a logarithmic growth phase. The 
maximum growth had almost been reached by the yeast in each 
concentration at the end of 10 days. AI90 indicated is the 
fact that a 50 per cent sucrose solution exhibited a 
marked inhibitive influence on the yeast cells. 
A lag phase of the yeast growth was exhibited in 
all of the dextrose concentrations. As indicated in Fig¬ 
ure 2, the yeast cells in the 30 per cent concentration 
apparently went into the logarithmic growth phase at the 
end of the second day, and at the termination of the exper¬ 
iment were still in this phase. At the end of the fourth 
day, the yeast cells in the 40 per cent concentration 
entered the logarithmic growth phase and remained there. 
The oells in the 50 per cent solution did not enter this 
phase of growth until the eighth day. There was little dif¬ 
ference in the inhibiting effect of the 40 and 50 per cent 
concentrations. At the end of the tenth day of incubation 
thev both exhibited counts well under 2,000,000 cells per 
cubic centimeter. Compared with the initial cell inocula¬ 
tion of 400,000 cells per cubic centimeter, the 40 and 50 
per cent dextrose concentrations were extremely effective 
in the prevention of yeast growth. 
Figure 3 is a graphic description of the results 
-18- 
obtained when mixtures of sucrose and dextrose were used 
as media. There was a lag phase in all three concentrations 
of mixtures of the sugars, although the decrease in numbers 
of cells in the 30 per cent solution was almost insignifi¬ 
cant. However, there was a marked increase in the count 
of the latter solution on the second day. Although the peak 
may have been reached at the end of the fourth day, the 
organisms seemed to have gone into another logarithmic 
growth phase at the start of the eighth day of incubation. 
The growth in the 40 and 50 per cent solutions was about 
stationary until the sixth day, at which time the former 
exhibited a growth phase. From the eighth day to the end 
of the experiment, the number of cells remained at approx¬ 
imately four and a half millions per cubic centimeter in 
the 40 per cent solution. After the first 24 hours, the 
number of cells in the 50 per cent solution was constantly 
under 250,000 per cubic centimeter. There was a more 
prolific growth of the yeast cells in the mixtures of dex¬ 
trose and sucrose solutions of 30 and 40 per cent concen¬ 
trations than in the corresponding concentrations of dex¬ 
trose solutions. The growth in the 50 per cent concentra¬ 
tion :>f mixtures of the sugars was found to be less than 
that x’ound in the dextrose solution of the same concentra¬ 
tion. When compared to the sucrose solutions, all 
concentration of mixtures of dextrose and sucrose solutions 
had less yeast growth than did the former. The best 
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inhibition of growth was obtained in the 50 per cent concen¬ 
tration of a mixture of sucrose and dextrose. 
The greater inhibitive effect of a 50 per cent 
concentration of a sugar or mixture of sugars on the growth 
of the mold as compared with a 30 or even 40 per cent con¬ 
centration is quite apparent from Table 2. The difference 
in the growth between the 50 and 30 per cent concentrations, 
regardless of the sugar used, was approximately 175 mgms. 
However, when a comparison was made of one sugar with the 
other of the same concentration, the difference in growth 
was very little. The dextrose was found to exhibit a 
slightly greater inhibitive action than sucrose in all con¬ 
centrations used. A mixture of dextrose and sucrose in 
sirups inhibited the growth of Asp, niger at a point between 
that of solutions of similar concentrations of dextrose and 
sucrose alone. 
Addition of Minerals to Sugar Solutions 
Experiments were conducted to determine the effect 
on the growth of yeasts and molds of sugar solutions which 
contained added mineral salts. It was thought that the 
presence of minerals might enhance the growth of the yeast 
and mold. Three cubic centimeters of a nutritive solution 
of the following composition were added to a series of 
flasks and bottles: 
Table 2. Effect of Dextrose and Sucrose Solutions on 
the Growth of Aspergillus niger 
Sugar concentrations 
Initial 
pH 
Final 
pH 
Final Titra- 
table Acidity 
Weight of 
mold 
per cent 
’« j 
per cent 
oxalic acid 
mgms. 
30 Dextrose 5.7 3.7 0.03 212 
40 Dextrose 5.3 4.1 0.01 121 
50 Dextrose 5.5 5.5 0.01 35 
30 Sucrose 5.9 2.7 0.03 219 
40 Sucrose 6.0 2.7 0.02 186 
50 Sucrose 6.0 4.2 0.01 53 
,n (Dextrose 
ou (Sucrose 5.9 2.7 0.03 227 
(Dextrose 
40 (Sucrose 6.0 2.7 0.02 161 
(Dextrose 
50 (Sucrose 5.9 3.6 0.01 49 
Initial inoculation was 7,000 spores per cubic centimeter 
of solution. 
- 20- 
Grams Per cent 
(hh4^so4 8.0 0.80 
CaOlg 1.0 0.10 
KH2P04 1.5 0.15 
kno3 2.0 0.20 
NaCl 1.0 0.10 
UgS04 
Distilled water 
0.5 
1000 cc. 
0.05 
Auto c laved at 15 pounds steam pressure for 20 
minutes. 
The sugar solutions were added to the bottles and 
flasks and the same procedure was followed as was used in 
the investigation with plain sirup. The hydrogen-ion con¬ 
centration and acidity of each solution were taken before 
and after incubation. There was an initial inoculation of 
6,000 yeast cells and 8,000 mold spores per cubic centimeter 
into the media contained in each bottle and flask. 
As indicated by Table 3, the addition of the nutri¬ 
ent solution enhanced the growth of the yeast cells in all 
sugar concentrations with the exception of the 50 per cent 
dextrose solution. In the latter solution the count was 
much lower than in the same concentration of dextrose which 
did not have the added nutrient solution. Both the 40 and 
50 per cent dextrose solutions showed a much greater inhi- 
bitive action on the yeast cells than did the 50 per cent 
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sucrose solution. The results obtained with the use of 
mixtures of the sugars were found to be between the results 
secured with the individual sugars in solution at the same 
concentrations. At the termination of the experiment, the 
cells in the 30 per cent dextrose, 30 and 40 per cent sucrose 
solutions, and 30 per cent mixture of the two solutions were 
in the stationary growth phase. The cells in the other 
sugar concentrations were near the end of the logarithmic 
growth phase. 
As Table 4 and Plate 1 indicate, the addition of 
the nutrient material markedly enhanced the growth of Asp. 
niger in all sugar concentrations with the exception of 30 
and 40 per cent dextrose solutions. In many of the sugar 
solutions the growth was more than twice that developed in 
sirups of a similar concentration with no minerals added. 
The dextrose solutions supplemented with minerals Inhibited 
the growth of the mold to a much greater extent than did 
the same concentration of sucrose solution with the added 
minerals. The titratable acidities in the various sugar 
solutions, at the end of six days, were found to be much 
lower in the dextrose solutions, than in the sucrose solu¬ 
tions of the same concentration. The combined action of 
the two sugars on the mold growth gave results which were 
found to lie between those obtained with dextrose and sucrose. 
Table 4. Growth of Aspergillus nlger in Dextrose 
and Sucrose Solutions Supplemented with 
a Mineral Solution. 
Sugar concentration 
Initial 
pH 
Final 
JPH ... 
Final titra- 
table acidity 
Weight of 
mold mat 
per cent per cent 
oxalic acid 
mgms. 
SO Dextrose 5.8 2.4 0.05 239 
40 Dextrose 5.7 8.4 0.04 121 
50 Dextrose 5.4 2.8 0.03 97 
SO Sucrose 6.0 2.2 0.22 451 
40 Sucrose 6.1 2* S 0.19 335 
50 Sucrose 6.0 2.3 0.09 198 
3q(Dextrose 
(Sucrose 5.8 2.3 0.17 406 
40(Dextrose 
u(Sucrose 5.8 2.4 0.12 275 
P-n( Dextrose 
Sucrose 5.8 2.6 0.05 
139 
Initial inoculation was 8,000 spores per cubic centimeter 
of solution. 
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Adjust me nt of pH in Sugar Solutions to 5.6 £ 0.1 
The above experiment was repeated with the sugar 
solutions adjusted to the same pH, namely, 5.6 ± 0.1. The 
purpose of this was to determine whether the slight change 
in pH of the various solutions was a contributing factor to 
the differences in toxicity of these sugars. The adjust¬ 
ment of the hydrogen-ion concentration was made by the 
addition of N/10 sodium hydroxide or N/10 hydrochloric aoid 
after the sugar solution was sterilized. 
This study was initiated to determine whether or 
not the difference in the initial pH of the sucrose and 
dextrose solutions was an important factor in the inhibition 
of the mold and yeast. Table 5 indicates that at the same 
pH, dextrose solutions still inhibited the yeast to a much 
greater extent than did the sucrose solutions of the same 
concentrations. It was found that there was very little 
difference in the extent of inhibition between the 30 and 
40 per cent sucrose solutions. The repressive effect of 
40 per cent dextrose and 50 per cent sucrose was also approx¬ 
imately the same. The 50 per cent dextrose indicated marked 
inhibitive powers against the yeast. In comparison, dex¬ 
trose exhibited a greater inhibitive effect on the growth 
of yeast oells than did the sucrose solutions. 
Table 6 shows in general the same results with 
molds as Table 5 showed with yeasts. 
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Table 6. Growth of Aspergillus niger in a Mineral Sol¬ 
ution of Dextrose and Sucrose which had a 
Hydrogen Ion Concentration of 5.6 i 0.1 
Sugar concentration 
Initial 
pH  
Final 
pH 
Final titra- Weight of 
table acidity mold mat 
per cent per cent 
oxalic acid 
mgms. 
30 Dextrose 5.6 2.3 0.04 281 
40 Dextrose 5.6 2.3 0.04 221 
50 Dextrose 5.5 5.2 0.02 119 
30 Sucrose 5.6 2.1 0.21 430 
40 Sucrose 5.7 2.1 0.18 401 
50 Sucrose 5.7 2.2 0.14 225 
(Dextrose 
3U (Sucrose 5.5 2.2 0.20 411 
40 (Dextrose 
^ (Sucrose 5.6 2.1 0.16 321 
(Dextrose 
*** (Sucrose 5.6 2.2 0.10 183 
Initial inoculation was 5,000 spores per cubic centimeter 
of solution. 
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Effect of Heat on the Inhibiting Properties of 
Sugar Solutions 
An investigation was made of the growth of the 
fungi in sugar solutions which had been heated and cooled 
before inoculation. Bottles and flasks, which contained 
50 cubic centimeters of sterile solutions of different con¬ 
centrations of dextrose and sucrose, were immersed in a 
water bath at 100° 0. (212° F.). They were removed after 
15 minutes and cooled by immersion into cold water baths. 
Inoculations of the yeast cells and mold spores were made 
into the sugar solutions, and the containers were incubated 
at room temperature, 30° 0. (86° F.). Acidity and pH 
determinations of the solutions were made before and after 
incubation. 
The heat apparently had some effect on the sugars, 
as is indicated by Table 7. The effectiveness of dextrose 
on the inhibition of yeast growth was increased. The 
effectiveness of sucrose on the repression of yeast growth 
was increased only in the 40 per cent concentration. The 
yeast count in the 50 per cent sucrose solution was 7,000,000 
cells per co. as compared to 375,000 cells per cc. in the 
50 per cent dextrose solution. The 30 and 40 per cent dex¬ 
trose solutions repressed growth to a much greater extent 
than did the same concentrations of sucrose solution. 
Result8 obtained with the mixture of sugars were found to 
«»■«* 
a • 
© 
0)0 
CD 02 
O rH 
f-t CV] 
p —' 
H 
M 
O s 
v»o 
o o 
o © H 
C 
o P 
•h a) 
-p 
3 'O 
s £ 
H P 
<0 P 
k a) © « 
<3 
«H fn 
© 
P 
13 CD © 
•H © 
P 
© © 2 © a 
© S3 «H 
«> -h S 
«H ► lO 
© © H 
d P 
© © O © O 
W VI 
© 
© a 
o © 
fe © 
6 CQ 
o 
U *3 © © 43 JU 
o O P © O 
W *H 
Vi I 
o 
© 
A © 
P o 
£ k 
o o 
$3 
c*- 
© 
H 
P 
£ 
o o in o in o o o in o ts in 02 o o in 00 co IS rH o a> IS 
•% «* 0k 0k 0k 0k 
H in 02 ts in CO 02 rH 02 
* 
in in m o O o o in 02 02 02 o o m o 02 
rH CS CO o> o> o> o o» 
* 0k 0* m 0k •> 
fH in rH in in to 
02 «H 02 
«» o in o o in o o 
o IS m ts in in 
o tO CO 02 IS co IS in 
« 0k 0k * « 
rH o <o in 
CO «H 02 
«. o o in o o O o 
o in in 02 m in in 
o 02 «H rH o> o> a 
«k * m * 0k 
rH CO 02 CO CO 
CO rH rH 
* 
in in O o O o o o 
02 m o co m o o 
co *H o ■<* rH to in 
0k 
CS H 
* 
in in i o o O O in 
CS in rH in O IS 
rH Cs CO 02 
© 
© 
o 
d 
p 
H 
O 
to 
© 
© 
o 
p 
M 
s s 
o 
CO 
ID to co 
IO »n in 
co H 
in 
in 
CVJ 
o 
in 
a 
02 
o 
in 
02 
o 
in 
H 
in 
is 
H 
in 
02 
to * co o CO tO CO in O 
o o o CO CO 02 CO 02 H © •H 
• • • • • 9 • • « p P 
o o o o o a o o o 3 
© o 
«H 
rH d 
CO 
© © 
IS o rH 02 02 «H rH 02 O P 
• • • • • • • • • 
02 CO 02 CVJ 02 02 02 02 O n 
02 
in 
02 02 o> o> CD o> CO to © 
• • • • • • • • • rH 
in in in in in in to in in 3 
© 
n 
o 
u 
s 
© 
p 
o 
in 
© 
© 
o 
u 
o 
© 
w 
o 
u 
e 
© 
© 
o 
u 
o i s & 
© © © 
o © 
u o 
P u 
H O 
ss 
© © © 
o © 
u o 
p f-i 
X O 
© 3 
p CO 
o 
CO 
o o in 
o 
CO 
o 
© 
n © 
o © 
a o 
p u 
X o S3* 
CO 
o 
in 
d 
o 
•H s 
P ^ 
3 © 
rH nd 
o a © © © 
<h 3 O o 
d p 
© 
p a © «H 
^ - 
p n 
c © 
© p 
o © 
o S 
«H p 
P d 3 © 
o o 
O H 
O rH 
•* © 
in o 
© p 
© § © 
© 
a >> 
o 
•H -p 
p a 
© 
© 
p 
© 
u 
o 
o 
c 
rH 
© 
fl 
© 
© 
3 
W 
«rt 
&4 
24- 
lie between those obtained with dextrose and sucrose. 
Results as seen in Table 8 indicates that the mold 
growth was affected by the heated sugar solutions. However, 
the dextrose solutions repressed growth of the mold to a 
greater extent than did the sucrose solutions of the same 
concentrations. A marked inhibition of mold growth was 
obtained in the 50 per cent dextrose. The mold mat in the 
latter solution weighed only 97 milligrams. The mold mat 
in the 50 per cent sucrose solution weighed 198 milligrams. 
Inhibiting Action of Sugars in Apple Juice 
An investigation was made of the growth of Saccharomyces 
cereviseae and Aspergillus nlger in apple juice with sugar 
added. King David apples were used as the source of apple 
juice. After the extraction of the cider from the apples 
by means of a hydraulic press, the juice was filtered 
through an Alsop filter with Hi Speed x 60 filter pad. The 
. i 
cider was divided into six batches. To one batch, enough 
anhydrous dextrose was added so as to increase the sugar 
concentration to 40 per cent as determined by the refracto- 
meter. A second batch was adjusted to a sugar content of 
40 per cent by the addition of sucrose and a third batch to 
65 per cent, also by the addition of sucrose. The sugar 
concentration of a fourth portion was increased to 40 per 
cent by the use of a 1*1 mixture of sucrose and anhydrous 
Table 8. Growth of Aspergillus niger in Mineral Solutions 
of Dextrose and Sucrose Which Had Been Heated in 
a Water Bath Held at 100° 0. (212° F.) for 15 
Minutes. 
Sugar 
concentration 
Initial 
pH . 
pH 
after 
heating 
Final 
pH 
Final 
titratable Weight of 
acidity mold mat 
per cent per cent 
oxalic acid 
milligrams 
30 Dextrose 5.4 4.3 2.7 0.05 330 
40 Dextrose 5.2 4.4 3.1 0.03 211 
50 Dextrose 5.2 4.5 3.3 0.02 71 
30 Sucrose 5.9 5.2 2.7 0.07 466 
40 Sucrose 5.9 5.2 2.5 0.11 313 
50 Suer0 86 5.8 5.3 3.8 0.03 107 
(Dextrose 
(Sucrose 5.9 
• 
4.8 2.5 0.11 395 
** (Dextrose 
w (Sucrose 5.8 5.1 i 2.6 0.07 281 
(Dextrose 
80 (Sucrose 5.6 4.7 2.9 0.03 98 
Initial inoculation was 8,000 spores 
i 
per cubic centimeter 
of solution. 
•25- 
dextrose. To prepare the latter solution, a refractometer 
reading was taken of the unsweetened apple cider. This 
reading was subtracted from 40 per cent which gave the per¬ 
centage of sugar to be added to the juice to increase the 
concentration to the desired sugar content. Anhydrous 
dextrose was dissolved in the cider until one-half of the 
sugar necessary to raise the concentration to 40 per cent 
had been added. The remainder was added as sucrose. Dis¬ 
solution was accomplished by the use of a mechanical shaker. 
An Abbe* refractometer was used to check the concentrations. 
The same procedure was followed in the preparation of a 
65 per cent concentration mixture of anhydrous dextrose and 
sucrose. No sugar was added to the sixth batch. The cider 
from the six batches was distributed aseptically by means 
of graduated pipettes into sterile flasks and bottles. 
These containers were placed in a water bath at 100° 0. 
(212° F.) and held until the temperature reached was 87.7°C. 
(190° F.) in the unsweetened batch of cider. The time of 
immersion was four minutes. The heat treatment was applied 
so as to pasteurize the unsweetened juice which was to be 
used as a negative control. The flasks and bottles were 
removed and cooled by immersion into cold water baths. 
Inoculations were made and the containers were incubated at 
room temperature. The initial inooulations were 11,000 
yeast cells and 5,000 mold spores per cubic centimeter in 
the sirups. The mold and yeast were incubated for six and 
-26- 
seven day8 respectively. During the incubation period, 
yeast counts were made periodically. The acidity and pH of 
each medium was made before and after incubation. 
At the end of seven days* incubation, the 40 per 
cent dextrose and the 40 per cent mixture of the two sugars 
showed a slightly greater inhibitive effect on the yeast 
growth than did the 40 per cent sucrose solution. However, 
the cells in this sucrose solution were near the end of 
the logarithmic growth phase, whereas the cells in the dex¬ 
trose and in the mixture solution were apparently in the 
middle of this phase. The higher concentrations of sucrose 
solution and mixture of dextrose and sucrose solutions had 
a marked restrictive effect on the growth of the cells. 
The difference between these two media was negligible as 
is seen in Table 9. In comparison with the positive con¬ 
trol, it was found that the 40 per cent sugar concentrations 
had very little effect on the repression of yeast growth, 
and the higher sugar concentrations showed a marked inhi¬ 
bitive influence. 
The effect of these sugars on the growth of Asp. 
nlger in apple juice was quite different than were the 
results secured with yeast growth. The 40 per cent dextrose 
solution was more effective in the inhibition of the mold 
than either the 40 per cent sucrose or the 40 per cent mix¬ 
ture of sugars. As one can see from Table 10, the 65 per 
Table 9. Growth of Saccharomyces cerevlseae 
in Apple Sirup 
Sugar Initial Final Initial Final Time of incubation 
concentration pH pH acidity acidity 1 day 3 days 7 days 
per cent per cent 
oxalic acid 
40 Dextrose 3.0 3.1 0.34 
40 Sucrose 3.5 3.9 0.33 
40 (Dextrose 
(Sucrose 3.5 3.0 0.34 
65 Sucrose 3.1 3.3 0.33 
(Dextrose 
° (Sucrose 3.6 3.3 0.33 
Positive control 
No sugar 3.5 2.8 0.35 
Negative con¬ 
trol, 3.5 3.4 0.33 
uninoculated 
apple juice 
0.45 375* * 500*11,000" 
0.51 825 11,000 20,000 
0.48 600 1,750 14,750 
0.20 - 350 475 
0.20 - 350 425 
1.65 15,000 17,500 20,000 
0*30 
Initial inoculation was 11,000 cells per cubic centimeter of 
solution. 
• Figures represent yeast cells per cubic centimeter (in 
thousands) 
Table 10. Growth of Aspergillus niger in Apple Sirup 
Sugar 
concentration 
Initial 
pH 
Final 
pH 
Initial 
acidity 
Final 
acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 3.6 3.4 0.34 0.33 259 
40 Sucrose 3.5 3.5 0.33 0.33 470 
40 (Dextrose 
u (Sucrose 3.5 3.4 0.34 0.34 401 
65 Sucrose 3.1 3.1 0.25 0.35 71 
(Dextrose 
(Sucrose 3.6 3.6 0.23 0.23 - 
Positive 
control, 
no sugar 
3.5 3.5 0.36 0.36 482 
Negative 
control, 
uninoculatedL 
apple juice 
3.5 3.4 0.30 0.30 - 
Initial inoculation was 5,000 spores per cubic centimeter 
of solution. 
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cent sucrose solution was less effective in the inhibitive 
influence on the growth of the mold than was the mixture 
of sugars of the same concentration. The difference in 
the repressive influence between the higher and lower con¬ 
centrations was also exceedingly great. In comparison with 
the control, it was found that the-40 per cent sucrose sol¬ 
ution and 40 per cent mixture of the two sugars of this 
concentration had very little effect on the mold growth. 
The 40 per cent dextrose, it was found, had a marked effect 
and the higher concentrations used were the most effective 
in the restriction of mold growth in apple sirup. 
Inhibiting Action of Sugars in Pineapple and 
Grapefruit Juices 
An investigation was made to study the growth of 
Saccharomvces cereviseae and Aspergillus niger in pineapple 
and grapefruit sirups. The procedure followed in this 
investigation was the same as that used with apple juice. 
However, the pineapple and grapefruit juices were purchased 
in Number 10 cans and were not clarified with the use of an 
Alsop filter. The fruit debris in each juice necessitated 
the use of plate counts instead of the direct microscopic 
count in the determination of the number of yeast cells. 
The initial and final titratable acidities of pine¬ 
apple juice was found to be considerably higher than that 
found in apple juice. The growth of the yeast was also 
> 
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found to be less than the numbers found in the apple juice. 
Table 11 indicates that the 40 per cent dextrose solution 
had a greater inhibitive effect on the growth than did the 
40 per cent sucrose solution or the 40 per cent mixture of 
the two sugar solutions. The latter two solutions exhi¬ 
bited approximately the same prohibitive influence on the 
yeast cells. No growth was evident in either the 65 per 
cent sucrose or the 65 per cent mixture of the two sugar 
solutions. Compared with the positive control, the results 
indicated a marked restrictive influence of the sugar sol¬ 
utions in all concentrations on the yeast growth. 
As is seen in Table 12, the 40 per cent dextrose 
solution was found to inhibit Asp, niger to a greater 
extent than did the corresponding concentration of sucrose 
solution and the mixture of the two sugar solutions. No 
growth was evident in the higher sugar concentrations. In 
comparison to the positive control, the 40 per cent dextrose 
and the higher sugar concentration of both sucrose and the 
mixture of sucrose and dextrose were found to be most 
effective in the repression of mold growth. 
Although the 40 per cent dextrose solution exhi¬ 
bited a greater inhibitive action on the yeast in the grape¬ 
fruit juice than did the same concentrations of sucrose 
solution and mixtures of the two sugars, the difference was 
small. When compared with the positive control of grape- 
Table 11. Growth of 8accharomyceB cereviseae 
in Pineapple Sirup 
Sugar concentration 
Ini¬ 
tial 
pH 
Final 
PH 
Initial 
titrat- 
able 
aoidity 
Final 
titrat¬ 
able 
acidity 
7 day 
incubation 
period 
per cent per cent oxalic 
acid 
40 Dextrose 3.0 2.8 0.68 1.16 5,480* 
40 Sucrose 3.0 2.8 0.68 1.38 8,750 
(Dextrose 
(Sucrose 3.0 2.8 0.68 1.26 7,200 
65 Sucrose 3.1 3.1 0.68 0.52 - 
(Dextrose 
bt> (Sucrose 3.1 3.0 0.68 0.50 - 
Positive control 
No sugar 
3.1 8.9 0.86 1.10 13,100 
Negative control 
Uninoculated 
nineaoole iuice 
3.1 3.1 0.86 0.86 - 
Initial inoculation was 5,000 cells per cubic centimeter of 
solution. 
* Figures represent yeast cells per cubic centimeter (in 
thousands) as determined by plating. 
Table 12 Growth of Aspergillus niger in Pineapple Sirup 
Sugar Initial 
concentrations pH 
Final 
pH 
Initial 
acidity 
Final 
acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 3,1 2.9 0.68 0.82 201 
40 Sucrose 3.2 2.7 0.68 1.22 412 
40 (Dextrose 
(8ucrose 3.2 2.7 0.68 1.05 311 
65 Sucrose 3.2 3.1 0.68 0.52 - 
(Dextrose 
(Sucrose 3.1 3.1 0.68 0.50 i - 
Positive con¬ 
trol, no sugar 
added 
3.3 2.5 0.86 1.94 673 
Negative con¬ 
trol, uninocu- 
l&ted pineapple 
luioe 
3.1 3.1 0.86 0.97 - 
Initial inoculation was 6,000 spores per cubic centimeter 
of solution. 
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fruit juice, it was found, as shown by Table 13, that this 
concentration (40 per cent) of the sugars had a marked 
repressive action on the growth of the yeast. Growth was 
V 
not found to be present in the sugar solutions of higher 
concentrations. 
Table 14 gives the results of mold growth in grape¬ 
fruit sirups. The 40 per cent dextrose solution inhibited 
growth of the mold, Asp, niger. more so than did the 40 
per cent sucrose solution and the mixtures of the two sugar 
solutions of the same concentration in the grapefruit juice. 
No growth was evident in the higher sugar concentrations. 
Compared to the control samples all sugar concentrations 
exhibited a marked repressive effect on the growth of the 
mold in the grapefruit juice. 
Effect of Sodium Benzoate 
A comparison was made of the inhibiting effects of 
dextrose with sucrose when both sugars were added to fruit 
juices containing 0.05 per cent or 0.1 per cent sodium 
benzoate. 
Apple, grapefruit and pineapple juices were used as 
the base media for yeast and mold growth. Sucrose, dex¬ 
trose and mixtures of these two sugars were added to these 
juices. In addition series of the solutions contained 0.05 
per cent and 0.1 per cent sodium benzoate, a chemical pre¬ 
servative commonly used in fruit and fruit juice preservation. 
Table 13. Growth of Saccharomyoes cerevlseae 
in Grapefruit Sirup 
Sugar 
concentration 
Initial 
pH 
Final 
pH 
Initial 
titrat- 
able 
acidity 
Final 
titrat- 
able 
acidity 
7-day 
incubation 
period 
per cent per cent oxalic 
aoid 
40 Dextrose 3.0 2.7 0.68 1.01 5,040* * 
40 Sucrose 3.0 2.4 0.68 1.30 7,380 
^ (Dextrose 
40 (Sucrose 3.0 2.6 • 0.68 1.17 6,190 
65 Sucrose 3.1 3.0 0.68 0.60 - 
(Dextrose 
65 (Sucrose 3.1 3.0 0.68 0.61 - 
Positive con¬ 
trol, no 
sugar added 
3.0 3.3 0.85 1.19 12,900 
Negative con¬ 
trol, uninoc- 3.1 3.1 0.86 0.87 - 
ulated grape 
fruit luloe 
Initial lnooulation was 6,000 cells per cubic centimeter 
of solution. , 
* Figures represent yeast cells per cubic centimeter (in 
thousands) as determined by plating. 
Table 14. Growth of Aspergillus njger in 
Grapefruit Sirup 
Sugar 
concentration 
Initial 
pH 
Final 
pH 
Initial 
titrat¬ 
able 
acidity 
Final 
titrat¬ 
able 
acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 3.0 2.8 0.68 1.90 224 
40 Sucrose 3.0 2.8 0.68 2.21 409 
(Dextrose 
u (Sucrose 3.0 2.8 0.68 2.01 311 
65 Sucrose 3.1 3.0 0.68 1.51 mm 
(Dextrose 
(Sucrose 3.1 3.1 0.68 1.50 - 
Positive con¬ 
trol, no 
sugar added 
3.1 2.9 0.85 3.13 621 
Negative con¬ 
trol, uninoc¬ 
ulated grape- 
fruit juice 
- 3.1 3.1 0.86 0.87 
Initial inoculation was 6,500 spores per cubic centi 
meter of solution. 
- 30- 
Benzoate d Apple Sirup Results 
As was naturally expected, the restrictive action 
of the sugar in combination with sodium benzoate on the 
growth of the yeast was greater than the inhibitive effect 
of the sugar alone. Results are shown in Table 15. The 
count was reduced to a greater extent in the lower concen¬ 
trations than in the higher concentrations of the sugar 
solutions. The positive control (0.05 per cent benzoated 
juice with no added sugars) and the 40 per cent sucrose 
solution with the added 0.05 per cent sodium benzoate had 
very little restrictive influence on the growth of the 
yeast cells. The 40 per cent dextrose solution and 40 per 
cent mixture of the sugar solutions with the added 0.05 
per cent sodium benzoate had some inhibiting effect, and 
the higher sugar concentrations with 0.05 per cent benzoate 
had a marked effect on the restriction of growth. In all 
cases where 0.1 per cent sodium benzoate was used with 
sugars there was a marked inhibiting effect on the growth 
of yeasts. The 0.1 per cent benzoated fruit juice with no 
added sugar had more yeast cells after one week than the 
juices with 0.1 per cent sodium benzoate and any concen¬ 
tration of either sugar. 
Table 16 indicates that the growth of Aap. niger 
was decreased to a great extent by the addition of either 
0.05 or 0.1 per cent sodium benzoate to the sugar solutions. 
Table 15. Growth of Sacobaromyoes cereviseae in Apple Sirups 
Containing Sodium Benzoate 
Sugar Initial Final 
concentration pH pH 
Initial Final Time of incubation 
acidity acidity 1 day 3 days 7 davs 
per cent per cent oxalic 
acid 
0.05 NaOBz 
40 Dextrose and 
3.5 3.1 0.34 0.33 150* 300* 1,300* 
0.1 NaOBz 
40 Sucrose and 
3.7 3.5 0.33 0.30 100 200 325 
0.05 NaOBz 
40 Sucrose and 
3.5 3.1 0.33 0.35 375 450 2,150 
0.1 NaOBz 3.6 3.4 0.34 0.32 400 410 725 
(Dextrose . 
40(Sucrose and 
200 375 1,440 0.05 NaOBz 3.3 3.1 0.33 0.33 
..(Dextrose 
40(Suer08e an<i 
300 430 0.1 NaOBz 
65 Sucrose and 
3.7 3.3 0.33 0.32 225 
100 200 0.05 NaOBz 
65 Sucrose and 
3.2 3.4 0.34 0.20 
0.18 75 125 0.1 NaOBz 3.7 3.5 0.34 — 
^(Dextrose , 
Sucrose 
175 200 0.05 NaOBz 3.8 3.4 0.34 0.20 — 
(Dextrose 
65( sue rose axKi 
100 125 0.1 NaOBz 
Positive con¬ 
3.9 3.4 0.33 0.18 
trol, plus 
0.05 NaOBg** 3.5 2.7 0.33 1.10 425 875 2,500 
Positive con¬ 
trol, plU8 
0.1 NaOBz** 3.6 2.8 0.33 1.02 250 175 1,125 
Negative con¬ 
trol, plus 
0.05 NaOBz*** 3.5 3.5 0.32 0.33 - - - 
Negative con¬ 
trol, plus 
0.1 NaOBz*** 3.6 3.5 0.33 0.34 
ai i V\ 4 mi 4 wia + al* 
«• 
*** 
of solution. . , , . , /. 
Figures represent yeast cells per cubic centimeter (in 
thousands). 
No sugars added. 
Not inoculated. 
Table 16. Growth of Aspergillus niger in Apple Sirups 
Containing Sodium Benzoate 
Sugar 
concentration 
Initial 
pH 
Final 
PH 
Initial 
acidity 
Final 
acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 
0.05 NaOB8 3.7 3.6 0.33 jo. 33 70 
40 Dextrose 
0.1 Na0Bz 3.8 3.9 0.32 0.32 - 
40 Sucrose 
0.05 HaOBz 3.5 3.6 0.33 0.33 116 
40 Sucrose 
0.1 Na0Bz 3.7 3.7 0.32 0.32 - 
(Dextrose 
w (Sucrose 
0.05 NaQBz 3.7 3.6 0.32 0.32 106 
(Dextrose 
w (Sucrose 
0.1 Na0Bz 4.0 3.9 0.32 0.32 - 
65 Sucrose 
0.05 NaOBs 3.8 3.7 0.23 0*23 - 
65 Suorose 
0.1 NaOBz 3*9 3.9 0.22 0.22 - 
65 (Dextrose 
° (Sucrose 
0.05 Na0Bz 3.5 3.6 0.23 0.23 - 
(Dextrose 
D0 (Sucrose 
0.1 Na0Bz 3.9 3.9 0.23 0.23 - 
Positive con¬ 
trol, plus 
0.05 NaOB* * 3.6 3.5 0.34 0.33 241 
Positive con¬ 
trol, plus 
3.6 3.6 0.28 0.27 83 
Initial inoculation was 4,500 spores per cubic centimeter 
of solution. 
* No sugars added. 
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There was less growth in the sugar solutions with the added 
0.05 per cent sodium henzoate than in previously examined 
0 
unbenzoated solutions. The effect of 0.1 per cent sodium 
benzoate in the sugar solutions on the growth of the mold 
was found to be exceedingly great. In the 0.1 per cent 
benzoated series, only the flask which contained the unsweet¬ 
ened juice showed any growth, and this only amounted to a 
mat which weighed 83 milligrams. The unsweetened benzoated 
control in the 0.05 per cent series had a mat of 241 milli¬ 
grams. The two sugars were somewhat comparable in their 
restrictive action on the growth of the mold. The only 
difference was found in the 40 per cent concentration with 
the added 0.05 per cent sodium benzoate. The dextrose sol¬ 
ution of this concentration was found to be more repressive 
on the mold growth than was the sucrose solution of the 
same concentration. 
Benzoated Pineapple Sirup Results 
Table 17 indicates that the addition of sodium ben¬ 
zoate to pineapple juioe had a marked repressive effect on 
the growth of the yeast studied. It was found that both 
0.05 and 0.1 per cents of sodium benzoate in the oontrol 
samples inhibited growth of the yeast cells. The addition 
of 0.05 per cent sodium benzoate to the sweetened juice 
of 40 per cent sugar concentration was sufficient to elim¬ 
inate yeast growth which was evident in the unbenzoated 
Table 17. Growth of Sacoharomycee cereviseae in Pineapple 
Sirups Containing Sodium Benzoate 
Sugar 
concentration 
per cent 
7-day 
Initial Final Initial Final incubation 
pH_pH acidity acidity period 
per cent oxalic 
acid 
40 Dextrose and 
0.05 NaOBz 
40 Dextrose and 
0.1 Na0Bz 
40 Sucrose and 
0.05 NaOBz 
40 Sucrose and 
0.1 NaOBg 
..(Dextrose . 
*^(8ucrose and 
0.05 NaOBg 
(Dextrose , 
40(Sucrose an<i 
0.1 NaOBz 
65 Sucrose and 
0.05 NaOBz 
65 Sucrose and 
0.1 Na0Bz 
„(Dextrcse , 
65(Sucrose and 
0.05 NeuOBz 
cc(Dextroseo . 
65 Sucrose and 
0.1 NaOBz 
Positive control* * 
plus 0.05 NaOBz 
Positive control* 
plus 0.1 NaOBz 
Negative control** 
plus 0.05 NaOBz 
Negative control** 
plus 0.1 NaOBz 
3.0 2.9 0.68 0.77 _ *** 
3.1 2.9 0.68 0.76 - 
3.1 3.0 0.68 0.77 - 
3.3 3.2 0.68 0.77 - 
3.1 3.0 0.68 0.76 - 
3.1 3.0 0.68 0.76 - 
3.2 3.1 0.68 0.52 - 
3.3 3.2 0.68 0.50 - 
3.2 3.1 0.68 0.52 - 
3.3 3.2 0.68 0.50 - 
3.1 3.0 0.85 1.06 - 
3.1 3.0 0.86 0.97 - 
3.1 3.0 0.85 0.86 - 
3.2 3.1 0.86 0.86 - 
Initial inoculation was 4,500 cells per cubic centi¬ 
meter of solution. 
* No sugar added. 
** Not inoculated. 
*** Yeast counts as determined by plating. 
-32- 
pineapple sirups. 
Results, as are seen in Table 18, indicate that the 
mold reacted similarly to the benzoated pineapple sirup as 
did the yeast. 
Benzoated Grapefruit Sirup Results 
Tables 19 and 20 indicate that the results obtained 
are comparable to those results secured with the benzoated 
pineapple juice. No growth was evident in either the 
benzoated control samples or the benzoated sirups. 
Table 18. Growth of Aspergillus niger in Pineapple Siruns ! 
Containing Sodium Benzoate 
Sugar 
concentration 
Initial 
PH .. ... 
Final 
PH 
Initial Final 
acidity acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 
0.05 NaOBz 3.2 3.1 0,68 0.75 - 
40 Dextrose 
0.1 Na0Bz 3.2 3.2 0.68 0.74 - 
40 Sucrose 
0.05 NaOBz 3.2 3.2 0.68 0.75 - 
40 Sucrose 
0.1 HaOBz 3.2 3.2 0.68 0.74 - 
(Dextrose 
(Sucrose 
0.05 NaOBz 
3.2 3.1 0.68 0.75 - 
(Dextrose 
40 (Sucrose 
0.1 NaOBz 
3.2 3.2 0.68 0.75 • 
65 Sucrose 
0 X>5 Na0Ez 3.3 3.2 0.68 0.52 - 
65 Sucrose 
0.1 NaOBz 3.3 3.3 0.68 0.53 - 
(Dextrose 
(Sucrose 
0.05 NaOBz 3.2 3.2 0.68 0.50 - 
(Dextrose 
(Sucrose 
0•1 NaOBz 3.1 3.1 0.68 0.30 - 
Positive con¬ 
trol plus 
0.05 NaOBz* 3.3 3.2 0.85 0.93 - 
Positive con¬ 
trol plU8 
0.1 NaOBw 3.3 3.3 0.85 0.92 . MaU .fr 0*0_--ff ... ■ —- 
Initial inoculation was 6,000 spores per cubic cent! 
meter of solution. 
* No sugars added. 
Table 19. Growth of Sacoharomyces cereviseae in Grapefruit 
Sirups Containing Sodium Benzoate 
Sugar 
concentration 
7-day 
Initial Final Initial Final incubation 
pH pH acidity acidity period 
per cent oxalic per cent 
acid 
40 Dextrose and 
0.05 NaOBz 
40 Dextrose and 
3.0 3.0 0.68 0.71 - *** 
0.1 NaOBz 
40 Sucrose and 
3.1 3.0 0.68 0.71 
0.71 
** 
0.05 NaOBz 
40 Sucrose and 
3.0 2.9 0.68 
* 
0.1 NaOBz 3.1 3.1 0.68 0.72 — 
...(Dextrose , 
40(Sucrose and 
0.68 0.71 0.05 NaOBz 3.1 3.0 — 
(Dextrose , 
40(Sucrose anci 
0.71 0.1 NaOBz 
65 8ucrose and 
3.0 3.0 0.68 
0.61 0.05 NaOBz 
65 Sucrose and 
3.0 2.9 0.68 
0.61 0.1 NaOBz 3.0 3.0 0.68 — 
CK(Dextrose , 
6^(Sucrose an(* 
0.61 0.05 NaOBz 3.1 3.1 0.68 — 
cc(Dextrose0 , 
65(Sucrose a 
0.1 NaOBz 
Positive control* 
3.1 3.1 0.68 0.61 - 
0.86 0.92 plus 0.05 NaOBz 
Positive control* 
3.0 3.0 
0.86 0.92 plus 0.1 NaOBz 
Negative control** 
3.0 3.0 
0.86 0.91 plus 0.05 NaOBz 
Negative control** 
3.0 3.0 
0.86 0.92 plus 0.1 NaOBz 3.0 3.0 
Initial inoculation was 6,000 cells per cubic centi 
meter of solution. 
* No sugars added. 
** Not inoculated. 
*** Yeast counts as determined by plating. 
Table 20. Growth of Aspergillus niger in Grapefruit Sirups 
Oont aining™"§odium Benz oat e 
Sugar 
concentration 
Initial 
PH  
Final 
PH 
Initial 
acidity 
Final 
acidity 
Weight of 
mold mat 
per cent per cent oxalic 
acid 
milligrams 
40 Dextrose 
0.05 NaOBz 3.0 2.8 0.68 0.69 - 
40 Dextrose 
0.1 NaOB2 3.0 2.9 0.68 0.69 - 
40 Sucrose 
0.05 NaOBc 3.0 2.9 0.68 0.70 - 
40 Sucrose 
0.1 Na0Bz 3.1 3.0 0.68 0.71 - 
(Dextrose 
40 (Sucrose 
0.05 Na0Bz 3.0 2.9 0.68 0.69 — 
(Dextrose 
40 (Sucrose 
0.1 NaOB2 3.1 3.0 0.68 0.70 
65 Sucrose 
0.05 Na0B2 3.1 3.0 0.68 0.70 - 
65 Sucrose 
0.1 NaOBz 3.0 2.9 0.68 0.68 - 
(Dextrose 
65 (Sucrose 
0.05 NaOB£ 3.1 3.0 0.68 0.68 - 
(Dextrose 
(sucrose 
0.1 NaOBz 3.0 2.9 0.68 0.68 - 
Positive con¬ 
trol plus 
0.05 NaOBz * 3.1 3.0 0.86 0.89 - 
Positive con¬ 
trol plus 
0.1 NaOBz * 3.1 3.0 0.86 0.88 - 
meter. 
• No sugars added, 
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DISCUSSION 
The inhibition of microorganisms by sugars is 
based primarily on the osmotic pressure that is exerted on 
the cell membranes of the fungi. This pressure is depend¬ 
ent upon the number of particles in solution and not upon 
the size of the particle. The boiling point and melting 
point of a solution are also based on the number of 
particles in solution. The osmotic pressure of a substance 
in solution can be obtained by a direct determination or 
by an indirect method. The former involves the use of a 
complicated apparatus and is a tedious process. The 
latter, which is based on the determination of the boil¬ 
ing point or freezing point of a solution, is a much 
simpler procedure. At the present time, most osmotic 
pressure studies are made by the indirect method. 
Sucrose and dextrose have molecular weights of 342 
and 180, respectively. Consequently, to prepare a dex¬ 
trose solution of the same concentration as a sucrose sol¬ 
ution, the number of grams of the monosaccharide which 
must be dissolved will be approximately twice that of the 
disaccharide. Theoretically, therefore, the dissolution 
of a given amount of dextrose should result in a greater 
osmotic pressure than a sucrose solution of the same con¬ 
centration. This has been verified by experimental work. 
However, Berkeley and Hortley (1906) have found that as 
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the concentratioiB of the solution are increased, the osmotic 
pressure of a sucrose solution will approach that of a 
dextrose solution. This difference between the theoret¬ 
ical considerations and experimental results of the above 
two workers is explained by Ramsey, Tracy and Ruehe (1933) 
to be due to the greater affinity of the sucrose particle 
for the water molecule, with a consequent increase in 
concentration and osmotic pressure. They claim that 
their results have borne out this point. 
Results, however, which were obtained in this 
laboratory and presented in this paper indicate that the 
40 and 50 per cent dextrose solutions are more effective 
than sucrose solutions of the same concentrations in the 
repression of growth of both the mold and yeast that were 
studied. The explanation which may be offered for the 
difference in behavior of the dextrose and sucrose solu¬ 
tions of 50 per cent concentration is based on a physical 
behavior of the particles in solution. A 50 per cent 
sucrose solution, at a temperature between 25° and 50° 0. 
(77° and 122° F.) is 22 per cent more viscous than a 
dextrose solution of the same concentration and held at 
the same temperature. Particles in a solution are con¬ 
stantly in rapid movement; as the viscosity is increased 
the collision between these particles will be impeded. 
Consequently, collisions will be fewer in number. In a 
50 per cent sucrose solution the fluid is extremely 
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viscous so that the migration of the sucrose particles with 
the consequent collisions is limited. Therefore, a yeast 
or mold suspended in such a viscous solution will be sub¬ 
jected to a much lower osmotic pressure than the particles 
could theoretically exert. With the use of lower concen¬ 
trations of suorose the viscosity decreases, but the number 
of partioles in solution are insufficient in number to 
affect seriously the growth of the microorganisms. A 50 
per cent dextrose solution, because of its comparatively 
low viscosity, does not offer any obstacle in the paths 
of the large number of partioles in motion. Consequently, 
bombardment of the cell membranes is frequent, resulting in 
plasmolysis or dehydration of the cells. A 40 per cent 
dextrose solution is less viscous but it still retains a 
sufficient number of particles in solution to have an 
inhibitive effect on the microorganisms. Lack of repression 
of growth in the 30 per cent dextrose concentration is 
believed to be due to an insufficient number of particles 
in solution to affect the organisms present. The 65 per 
cent concentration of sucrose and mixtures of the two sugars 
at the same concentration have been found to be extremely 
effective in the restriction of growth of both yeast and 
mold. In these solutions with high sugar percentages, it 
is believed that the inhibition of growth is due in part 
to a depletion of water to a point where the water content 
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i® just sufficient to maintain microbial activities. The 
minimum requirement of moisture is about 8 per cent for 
molds and 14 per cent for yeast. Since some of the water 
in a solution of 65 per cent sucrose is tied up as water of 
hydration, the water content available for yeast growth 
would be decreased. Although the viscosity is high in a 
65 per cent concentrated sucrose solution, the osmotic pres¬ 
sure produced by the large number of particles in solution 
is another factor which would aid in the repression of 
growth. 
On prolonged heat treatment at high temperatures, 
dextrose caramelizes. Fruit sirups usually have a suf¬ 
ficiently high sugar concentration to require little, if 
any, heat treatment to prevent microbial spoilage. Findings 
in this investigation indicated that there may have been 
some alteration of the chemical or physical composition of 
the sugars. The heated dextrose solution indicated a 
greater repressive effect on the growth of the yeast than 
did the unheated solution. On the other hand, the 50 per 
cent dextrose solution which had been heated was the only 
concentration to show a greater inhibltive action on the 
mold when compared to the unheated sugar solution. There 
was more mold growth in the heated 30 and 40 per cent dex¬ 
trose solutions than in the unheated solutions of the same 
concentrations. It is possible that a physical or chemical 
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change of the dextrose occurred upon heating which resulted 
in a substance toxic for the mold but not lethal for the 
yeast. However, the cause for the enhanced mold growth in 
the 30 and 40 per cent dextrose solutions which had been 
heated and for the repression of growth of this organism in 
a 50 per cent dextrose solution which had also been heated 
is not known. An explanation also can not be offered for 
the irregular results obtained with the heated sucrose sol¬ 
utions when compared with the unheated solutions. It is 
believed that more extensive investigations should be made 
on the effect of heat-treated sugar solutions on the growth 
of microorganisms. 
It is known that the lower the hydrogen-ion concen¬ 
tration, the more effective is the static action of sugars 
on the growth of microorganisms. It was found that dextrose 
solutions had a pH value of approximately 0.5 of a unit 
lower than that of sucrose solutions of the same concentra¬ 
tions. Therefore, it was considered that this difference 
in hydrogen-ion concentration might be a significant factor 
in the more pronounced inhibition of yeast and mold growth 
as exhibited by dextrose solutions when oompared with 
sucrose solutions of equal concentrations. However, results 
obtained indicated that the difference in the initial 
hydrogen-ion concentration of the two sugar solutions was 
not a significant contributing factor in the inhibition of 
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the organisms studied by the two sugars. 
Fruit juices are excellent media for the growth of 
yeasts and molds. Unless they are pasteurized, benzoated, 
have added sugar or are given some other treatment, the 
fruit juices will show microbial growth in a relatively 
short while. Fresh fruit juices are usually preserved by 
pasteurization. Fruit sirups which are used mainly for the 
soda fountain trade are generally not heated, and thus 
depend on their sugar concentration or any other added 
chemical preservative for the prevention of microbial 
growth. Sugar concentrations of less than 65 per cent did 
not repress growth to any significant degree. Apple juice 
with a sugar concentration of 65 per cent was found to have 
some yeast cells and mold filaments present. The 65 per 
cent mixture of dextrose and sucrose was found to be more 
effective in the repression of both yeast and mold growth 
than was a 65 per cent sucrose solution. 
Apple juice with the addition of 0.1 per cent 
sodium benzoate fermented to some extent. This was also 
shown to occur by Tanner and Strauch (1926) who found that 
fresh apple juice containing 0.1 per cent sodium benzoate 
fermented and made satisfactory vinegar. However, the 
addition of the benzoate to the apple sirup was found to 
have reduced the yeast and mold growth when compared to 
the unbenzoated apple sirup. The preservation of apple 
sirup can best be accomplished by the addition of 65 per 
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cent sucrose plus 0.1 per cent sodium benzoate or by the 
addition of a mixture of dextrose and sucrose until a 65 per 
cent concentration is obtained, plus 0.1 per cent sodium 
benzoate. This combination of sugar and benzoate did not 
eliminate all microbial growth, but it did restrict the 
growth to an insignificant amount. To initiate growth in 
such a medium, there must be a heavy initial inoculation; 
this would be rather unlikely to occur unless intentional. 
Results obtained with pineapple and grapefruit 
juices as base media were somewhat different from those 
results obtained with the apple juice. Pineapple and grape¬ 
fruit juice8 were not preserved by a 40 per cent sugar con¬ 
centration. A 65 per cent sucrose concentration or a 65 
per cent mixture of sucrose and dextrose solutions prevented 
growth of the organisms studied in the sirups. It was 
unnecessary to add benzoate of soda to grapefruit or pine¬ 
apple sirup which had suoh a high sugar concentration. The 
hydrogen-ion concentration of the apple juice was only about 
0.5 of a pH unit higher than the pH of grapefruit and pine¬ 
apple juice, and still the apple sirups required the addition 
of benzoate for preservation. Cruess and Richert (1929) 
found that the concentration of sodium benzoate required to 
prevent growth of Saccharomvces cereviseae was greatly 
affected by the pH of the medium. They claimed that much 
more benzoate was required near neutrality (pH 5-8) than in 
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a moderately acid range (pH 2.5 - 4.5). Therefore, it is 
possible that since pineapple and grapefruit sirups have a 
higher hydrogen-ion concentration than that of apple sirup, 
the addition of sodium benzoate to the former two sirups 
was not necessary. 
Further chemical, physical and biological investi¬ 
gations of this problem are certainly warranted on the 
basis of economic and microbiological aspects so far 
discovered. 
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SUMMARY 
1. An investigation was made of the inhibition of Sacchar- 
onyo.es cereviseae and Aspergillus niger by dextrose, 
sucrose and mixtures of the two sugars. 
2. A Seitz filter was a very satisfactory apparatus for 
the sterilization without the use of heat of the sugar 
solutions. 
3. Weight for weight, dextrose inhibited the growth of 
Saccharomyces cereviseae and Aspergillus niger to a 
much greater extent than did sucrose. 
4. Pasteurization temperatures altered slightly the rela¬ 
tive fungistatic action of dextrose and sucrose. Dex¬ 
trose was still found to be more effective than sucrose 
in the repression of yeast and mold growth. 
5. The 8light difference in the hydrogen-ion concentration 
of dextrose and sucrose solutions was not a significant 
factor in the inhibition of yeast and mold growth by 
these sugars. 
6. The addition of sodium benzoate to apple juice which con¬ 
tained dextrose or sucrose resulted in a marked added 
inhibition of growth. Apple sirup can best be preserved 
by the addition of a 65 per cent mixture of sucrose and 
dextrose and 0.1 per cent sodium benzoate to the fresh 
juice. 
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7. Grapefruit and pineapple sirups were preserved against 
spoilage from Saccharomvces cereviseae and Aspergillus 
nlger by the addition of 65 per cent sugar. Sodium 
benzoate was not necessary for preservation. 
8. Half of the sucrose content of a 65 per cent grapefruit 
or pineapple sirup can be replaced by dextrose with 
excellent results in the preservation of these juices. 
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OONCLUSION 
Dextrose solutions exhibit a superior fungistatic 
effect on Saccharomyces cereviseae and Aspergillus niger 
than do sucrose solutions of equal concentrations. The 
substitution of dextrose for sucrose in part or in whole 
is, in many instances, not only feasible, but also desir¬ 
able in the preservation of fruit sirups. 
\ 
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